Consanguinity, the marriage between relatives, has been associated with adverse child health outcomes because it increases homozygosity of recessive alleles. The objective of this study was to assess the effect of consanguinity on the birth weight of newborns in Greater Beirut, Lebanon. Cross-sectional data were collected on 10,289 consecutive liveborn singleton newborns admitted to eight hospitals belonging to the National Collaborative Perinatal Neonatal Network during the years 2000 and 2001. Birth weight was modeled by use of the fetal growth ratio, defined as the ratio of the observed birth weight to the median birth weight for gestational age. A mixed-effect multiple linear regression model was used to predict the net effect of first-and second-cousin marriage on the birth weight for gestational age, accounting for within-hospital clustering of data. After controlling for medical and sociodemographic covariates, the authors found a statistically significant negative association between consanguinity and birth weight at each gestational age. No significant difference was observed in the decrease in birth weight between the first-and second-cousin marriages. Overall, consanguinity was associated with a decrease in birth weight for gestational age by 1.8% (ß ¼ ÿ0.018, 95% confidence interval: ÿ0.027, ÿ0.008). The largest effects on fetal growth were seen with lower parity and smoking during pregnancy.
Consanguinity, the marriage between relatives, has received a great deal of attention as a potential risk factor for many adverse health outcomes, because it favors the reemergence of recessive deleterious alleles that run in families. Stillbirths and spontaneous abortions, as well as infant death, have been shown to be positively correlated with consanguinity (1, 2) . Consanguinity was also identified as a risk factor for several morbid conditions including congenital abnormalities and other birth defects (3, 4) , mental retardation (5), deafness (6) , b-thalassemia (7), chronic renal failure (8) , and neonatal diabetes mellitus (9) . Consanguineous marriage has declined remarkably in many parts of the Western world, but it is still very common in the Middle East, especially among Arab communities (1, (10) (11) (12) (13) where it is believed to preserve family ties (14) .
Birth weight fits in a complex multifactorial framework of causality involving both genetic and nongenetic factors related to socioeconomic status and mothers' health (15) (16) (17) . Many attempts have been made to investigate the presence of an association between consanguinity and birth weight reduction, but previous studies of the independent effect of consanguinity on birth weight are not in agreement. Although some researchers were unable to detect any relation (11, (18) (19) (20) (21) (22) (23) , a significant reduction in birth weight was identified by others (24) (25) (26) (27) . This can partially be explained by the difference in the genetic pools of the study populations (19, 22) . Yet, the inconsistency in the results may be attributed to methodological flaws, namely, small sample size (20, 21, 23) and poor allowance for potential confounders (11, 18, 26) . The association between consanguinity and birth weight remains inconclusive.
The objective of this study was to assess the effect of consanguinity on the birth weight of newborns in Greater Beirut, Lebanon, where consanguinity is relatively high. The presence of a large maternal neonatal database offering a large sample size and information on a considerable number of confounders makes the present study attractive.
MATERIALS AND METHODS

Study design
Cross-sectional data on consecutive liveborn singleton newborns admitted to eight hospitals in Greater Beirut, Lebanon, during the period from January 1, 2000, to December 31, 2001 , were collected through the National Collaborative Perinatal Neonatal Network (NCPNN). Since its establishment in 1997, the NCPNN has maintained an integrated perinatal neonatal database where data are collected daily at participating hospitals by trained midwives, nurses, and research assistants using a standardized instrument. The data collected cover sociodemographic and medical information. Data sources included direct interviews with admitted mothers and also review of obstetric and nursery charts.
Study variables
Information on consanguinity was collected through direct interviews with admitted mothers. Parental consanguinity was classified into three categories: first-cousin marriages (the baby's parents are cousins), second-cousin marriages (the baby's grandparents are cousins), and not related. To account for differences in gestational age, birth weight was modeled by use of the fetal growth ratio, defined as the ratio of the observed birth weight to the median birth weight for gestational age, as obtained from recently developed sex-specific fetal growth charts for the NCPNN newborn population at 28-42 weeks' gestation (28) . Fetal growth ratio was the preferred measure of fetal growth in several published papers, because it conveys information about the relative degree of under-or overweight compared with the median at each gestational age, and because it is used as a continuous variable in statistical analysis (29, 30) . Birth weight was measured, in grams, upon admission to the nursery and immediately reported on the baby's medical chart. Gestational age was calculated in completed weeks by use of ultrasonic examinations of the fetus, 96.5 percent of which were performed during the first or early second trimesters. In 285 cases (2.8 percent) where ultrasonic examination was not available, gestational age was calculated by use of the last menstrual period.
The other variables considered in the study as potential confounding variables relate to characteristics of the newborn and his/her parents. The newborn's characteristics were sex and the presence at birth of congenital malformation. Congenital malformations were diagnosed by attending physicians by physical examination of the newborn and using, when needed, specific tests such as an echocardiogram, karyotyping, and others. Sociodemographic characteristics included information on the father's religion, maternal age at delivery, maternal and paternal education and occupation, and household crowding. The maternal characteristics considered included obstetric history (parity, previous abortion, birth spacing, and prenatal care); anthropometric measurements (height and prepregnancy weight); pregnancy complications (hypertension, preeclampsia, bleeding, and gestational diabetes); and nutrition and behavior during pregnancy (pregnancy weight gain and cigarette and/or arguileh smoking). A common tradition in the Arab world, arguileh smoking (also known as water-pipe smoking) is done through a special device, whereby humidified tobacco is burned with a charcoal ember and the smoke formed passes through the device into water before being inhaled through a long, flexible pipe.
Study population
During the period from January 1, 2000, to December 31, 2001 , a total of 13,564 singleton newborns were admitted at the eight participating hospitals. Newborns were excluded from the study if they had data missing on consanguinity (n ¼ 2,995), birth weight (n ¼ 72), or gestational age (n ¼ 262). Newborns with gestational age greater than 42 weeks or less than 28 weeks were excluded from the study population (n ¼ 34). A total of 93 cases with missing newborn sex were also deleted because sex-specific growth charts were used for the definition of fetal growth ratio. As such, the study population consisted of a total of 10,289 newborns that were considered in the analysis.
Analysis
Analysis was done with STATA, version 7.0 (StataCorp LP, College Station, Texas), statistical software and Rlanguage, version 1.8.1. Bivariate analysis of consanguinity with the different sociodemographic and other medical covariates was performed by use of the chi-squared test, in order to define the characteristics of the population under study. The difference in the mean fetal growth ratio across the different categories of consanguinity and the other covariates was tested by analysis of variance or the Student t test. Two-tailed p values were calculated, and significance was set at 5 percent. Unadjusted fetal growth ratio differences are presented.
Multiple mixed-effects linear regression was used to predict the net effect of consanguinity on the fetal growth ratio, with adjustment for the confounding effect of the other covariates that proved to be significantly associated with fetal growth ratio at the bivariate level (p < 0.2). Linearity between fetal growth ratio and the continuous covariates was verified in the regression model by performing residuals analysis. Because data were collected from eight hospitals in Beirut, a mixed-effects linear model was used to account for the within-hospital clustering of the data (31, 32) . There was a concern that congenital malformations, pregnancy complications, and history of previous abortions might be intermediate outcomes of pregnancy and that their inclusion in the model would result in an underestimate of the effect of consanguinity and other potential factors. Therefore, these covariates were not included in the final regression model. However, for further reassurance, an additional regression model including the above-mentioned potential mediators was carried out, and there was no noticeable change in the regression coefficients. The reported results reflect the former model. Table continues 744 Mumtaz et al.
Prior to the regression, the data set was multiply imputed for missing data. This method replaces each missing value with a set of plausible values that represent the uncertainty about the right value to impute. The different imputed data sets obtained are then analyzed by standard procedures, and results are finally pooled for the inference (33) . Multiple imputation was done using switching regression (34) . Ten sets of imputations with 20 cycles each were performed, and all the covariates that were entered in the final regression model were imputed for their missing values. The highest rates of missing data were observed with prepregnancy weight (10.1 percent), maternal height (10.6 percent), and weight gain (21.7 percent). Estimates from the 10 imputations were pooled by use of Rubin's rules for multiple imputation inference for scalar estimates (35) (36) (37) . Table 1 describes the characteristics of the study population by degree of consanguinity. Consanguineous couples were mainly Muslims of lower socioeconomic status, as Table continues 746 Mumtaz et al. shown with the significant negative association between consanguinity and parental education, occupation, and household crowding index. First-and second-cousin marriages were also significantly associated with lower maternal age, higher parity, and less adequate prenatal care. On average, mothers in a consanguineous union had higher prepregnancy weight and lower weight gain, and they also smoked cigarettes and/or arguileh more than did mothers from unrelated unions. The proportions of mothers having a previous abortion and of current babies having congenital malformations increased with increasing consanguinity levels. On the other hand, there was no significant association between consanguinity and newborn sex, as well as with any of the pregnancy complications (table 1) . At the bivariate level, there was a significant negative association between consanguinity and birth weight (p ¼ 0.004), with second-and first-cousin marriages leading to a decrease of, respectively, 1.7 and 1.5 percent in birth weight for gestational age (table 2). The multiple linear regression model assessing the independent effect of consanguinity on the fetal growth ratio included variables that were significant determinants of the fetal growth ratio at the bivariate level. These were, as can be seen in table 2, maternal age, all measures of socioeconomic status, parity, prenatal care, maternal anthropometric measurements, pregnancy weight gain, smoking, history of previous abortion, maternal hypertensive disorders and diabetes, and congenital malformations among the newborn. As the different socioeconomic indicators, namely, maternal and paternal education and occupation, religion, and crowding index, were found to be collinear, only maternal education and paternal occupation were included in the model, as they were identified in the literature to be important predictors of birth weight (38, 39) . The newborn's sex was not included in the regression, as it was adjusted for in the definition of fetal growth ratio when sex-specific growth charts were used. Table 3 summarizes the results of the multiple mixedeffects linear regression. After controlling for the other covariates and accounting for the within-hospital clustering of the data, we found that the negative association between consanguinity and birth weight remained statistically significant. On the average, babies born to second cousins and first cousins were, respectively, 1.9 percent and 1.6 percent lighter than those of unrelated parents. No statistically significant difference was observed in the decrease in fetal growth ratio between the first-and second-cousin marriages. It is worth mentioning that the intraclass correlation coefficient was equal to 0.6 percent. Moreover, the regression model was performed on the unimputed data file, and the observed associations were in the same directions with respect to all covariates in the model, including consanguinity.
RESULTS
As a check on whether consanguinity was an important factor in explaining the variation in fetal growth ratio, the final regression model performed was compared with a similar model containing all the covariates without consanguinity. Based on the likelihood ratio test and the Akaike Information Criterion, the contribution of consanguinity in explaining the variation in fetal growth ratio was statistically significant.
DISCUSSION
A major strength of the present study is that it benefited from the availability of information on a considerable number of factors that may confound the association between consanguinity and birth weight. With fetal growth having a multifactorial nature of causation, such a comprehensive adjustment of confounding enabled the assessment of the independent effect of consanguinity. Results of the present study indicated that, after controlling for confounders, overall consanguinity (first-and second-cousin marriage) was associated with a statistically significant decrease in birth weight for gestational age by 1.8 percent compared with that of newborns of unrelated parents (ß ¼ ÿ0.018, 95 percent confidence interval: ÿ0.027, ÿ0.008), with no significant difference in birth weight for gestational age reduction between the first-and second-cousin marriages.
In the literature, there is no agreement on the effect of consanguinity on birth weight (table 4) and especially that fetal growth is affected by both genetic and environmental factors. Our study results are in concordance with those of Jaber et al. (25) , Kulkarni and Kurian (26) , Sibert et al. (27) , and Morton (24) , who reported a significant decrease in the mean birth weight of newborns born to consanguineous parents. In all of the previous literature, the outcome under study was simple birth weight, with no adjustment for gestational age, as opposed to the present study where the observed birth weight was compared with the median birth weight at each gestational age through the fetal growth ratio. Usually, a difference of 5 percent in the fetal growth ratio represents, for a full-term infant, an average difference of 170 g (29) . Our study results revealed a 1.8 percent decrease in birth weight for gestational age associated with consanguinity. The same pattern was observed in all similar studies in the literature, whereby the reduction in mean birth weight ranged from 20 to 211 g in one extreme case (25) (table 4). The explanatory factors that had the greatest impact on the fetal growth of newborns in Beirut included lower parity and smoking during pregnancy. This is in agreement with previous studies that have stressed the importance of such factors on birth weight (29, 40, 41) .
One limitation of the present study is that a substantial proportion of cases had missing information on the main exposure, consanguinity, and were thus deleted from the original sample. However, there are no reasons to suspect that the missingness followed any particular pattern in relation to the exposure and/or outcome. The main reason behind the observed rate of missing consanguinity is that, depending on the workload and on the staff availability in the delivery room and the nursery, the nurses responsible for data collection might drop the whole interview with the mother, including information on consanguinity. This is exacerbated with early postpartum discharge of mothers from the hospital (less than 24 hours), a common observation in the network hospitals. Moreover, the question regarding consanguinity is not particularly sensitive in our community, as consanguinity has always been part of the social and cultural norms of the Lebanese populations. Consanguineous marriages (including distant relatives) are common and account for 21 percent of all marriages in Lebanon (42) , with rates showing variations between regions and ranging from 15 percent in the capital Beirut up to 50 percent in certain rural areas (43) . The idea that consanguinity might be associated with lower birth weight is also practically nonexistent. As such, there are no reasons why related parents of relatively smaller babies might want to hide their consanguinity levels, and any underreporting of consanguinity, if present, is expected to be equally distributed among infants of all birth weights.
On the other hand, imputation of the missing values for the covariates was performed by use of multiple imputation. This technique has become the most recommended approach for handling missing data, because it accounts for the between-imputation variability and has been shown to provide statistically valid inferences (44, 45) . Imputation of the missing values allowed us to increase the power and efficiency of our sample and to minimize bias.
This was a multicenter study involving major hospitals in Beirut. With the study sample covering over 20 percent of the Greater Beirut births and with over 94 percent of deliveries occurring in hospitals (42, 46) , the findings are thus representative of the city of Beirut and its suburbs. They indicate that consanguinity is associated with a reduction in the birth weight for gestational age among infants in Greater Beirut. Assessing the effect of consanguineous marriages on different neonatal health outcomes, such as prematurity, birth defects, and others, remains attractive in a relatively highly inbred population such as the Lebanese population.
